There are no US FDA-approved therapies for the management of frontotemporal dementia (FTD). Evidence-based medicine that would support a FDA indication for the treatment of FTD requires large-scale, randomized, double-blind, placebo-controlled trials that do not currently exist. Progress in obtaining approval and therapeutic indications for FTD has been severely hampered by the heterogeneity of clinical and pathological phenotypes seen in various FTD disease states. These issues are often misinterpreted by clinicians, caregivers and patients suggesting that potential treatment options are nonexistent for this devastating disease. This article discusses these issues in the context of recent studies and publications investigating therapeutic options in FTD, and further suggests a rationale for individualized therapy in FTD. Targeting the myriad of symptoms seen in FTD requires recognition of such symptoms that may play primary or secondary roles in the spectrum of deficits that lead to functional disability in FTD, and the availability of a wide range of therapeutic options that may be helpful in alleviating such symptomatology. Fortunately, agents targeting the many cognitive, behavioral, psychiatric and motor symptoms that can be seen in FTD are readily available, having been previously developed and approved for symptomatic benefit in other disease states. In contrast to the widespread belief that beneficial treatments are not available for FTD today, our therapeutic armament is stocked with pharmacological tools that may improve quality of life for those suffering from this devastating and incurable class of degenerative diseases. Financial & competing interests disclosure GA Jicha is supported by funding from the NIH/NIA 1 P30 AG028383 & 2R01AG019241-06A2, NIH LRP 1 L30 AG032934, and the Sanders-Brown Foundation. GA Jicha has also received research support for clinical trial activities from NIH/NIA ADCS U01AG010483, Pfizer, Elan, Janssen, Medivation and Baxter. PT Nelson is supported by funding from the NIH/NIA 1 P30 AG028383, R21AG036875, R01NS061933. The authors have no other relevant affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed. No writing assistance was utilized in the production of this manuscript. -17]. Clinical heterogeneity confounds the selection of appropriate outcome measures currently, while underlying pathological heterogeneity may prove to be a major confound as we move into an era of disease-modifying therapies that target biological mechanisms for neuronal degeneration [18] [19] [20] [21] . These issues may be misinterpreted by clinicians, caregivers and patients, suggesting that potential treatment options are nonexistent for this devastating disease today. This article discusses these issues in the context of recent studies and publications investigating therapeutic options in FTD, and further suggests a rationale for individualized therapy in FTD using readily available agents that have been developed for symptomatic benefit in other disease states [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . While the therapeutic armament for the treatment of FTD is not ideal at present, a wealth of potential strategies exist that may alleviate symptoms, improve quality of life and make this devastating disease more tolerable for the countless afflicted and their caregivers.
Rational selection of treatments for fronto-temporal dementia (FTD) is a major challenge for clinicians [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . No US FDA-approved therapies for the management of FTD exist. Evidence-based medicine that would support a FDA indication for the treatment of FTD requires large-scale, randomized, double-blind, placebo-controlled trials that are currently lacking. Progress in obtaining approval and therapeutic indications for FTD has been severely hampered by the heterogeneity of clinical and pathological phenotypes seen in various FTD disease states [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Clinical heterogeneity confounds the selection of appropriate outcome measures currently, while underlying pathological heterogeneity may prove to be a major confound as we move into an era of disease-modifying therapies that target biological mechanisms for neuronal degeneration [18] [19] [20] [21] . These issues may be misinterpreted by clinicians, caregivers and patients, suggesting that potential treatment options are nonexistent for this devastating disease today. This article discusses these issues in the context of recent studies and publications investigating therapeutic options in FTD, and further suggests a rationale for individualized therapy in FTD using readily available agents that have been developed for symptomatic benefit in other disease states [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . While the therapeutic armament for the treatment of FTD is not ideal at present, a wealth of potential strategies exist that may alleviate symptoms, improve quality of life and make this devastating disease more tolerable for the countless afflicted and their caregivers.
Issues of clinical heterogeneity in FTD
Clinical (symptomatic) heterogeneity stems partly from the complex functions of the frontal and temporal lobes that can be preferentially affected in various forms of FTD ( Figure 1 ) [2, [6] [7] [8] [9] 11, [14] [15] [16] [22] [23] [24] [25] [26] . In addition, brainstem, spinal cord and striatal involvement can produce a myriad of coexistent symptoms including bulbar, corticospinal and extrapyramidal dysfunction that further add to the heterogeneity of clinical phenotypes in FTD and complicate the treatment of FTD [2, [6] [7] [8] [9] 11, [14] [15] [16] 24, 25, [27] [28] [29] . The focal predilection of FTD pathology for discrete brain areas remains a mystery. A total of eight different major clinical phenotypes of FTD exist and are highlighted in Table 1 . Such clinical heterogeneity is further confounded by the fact that each distinct clinical presentation may be either sporadic or caused by genetic mutations in at least five distinct genes, and are associated with multiple different pathological features [30] [31] [32] . Given the many disparate clinical phenotypes and diagnostic classifications for FTD that exist today and the lack of evidence-based or FDA-approved therapies for FTD, clinicians may feel as though therapeutic options are limited or not available. Redefining the disease in an individual on the basis of signs and symptoms that may be amenable to targeted intervention provides an alternative treatment strategy based on empirical trial and error in a given person suffering from FTD. Symptomatic involvement in FTD often encompasses multiple domains including cognitive, behavioral, psychiatric, motor and sensory systems ( Table 2) . This wide range of clinical manifestations is fertile ground for the empiric evaluation of therapies that may control signs and symptoms, as well as promote quality of life, for persons suffering from FTD. An exploration of therapeutic options focused on symptom reduction is the focus of this article.
Issues of genetic heterogeneity
Over the last 15 years, tremendous advances have been made in understanding the genetics of FTD [30] [31] [32] . For years, researchers and clinicians had understood that FTD may run in families, exhibiting an autosomal dominant pattern of inheritance. Over the last 15 
Issues of pathologic heterogeneity
The clinical features of FTD reflect pathological brain changes that can vary widely in both appearance and etiology, and these changes are referred to in the pathological literature as variants of frontotemporal lobar dementia (FTLD; see Figure 2 for overview of common pathological phenotypes of FTLD) [ [68, 69] and vascular dementia [67, 70] . Clinical FTD phenotypes are well represented in this cluster of common neurodegenerative diseases [67] .
While prediction of underlying pathology and its implications for treatment of persons with FTD is in its infancy, future advances will require therapies tailored to individual disease subtypes. In the meantime, therapeutic treatment options should remain focused on symptomatic benefit. Exceptions to this rule may include cases with suspected underlying AD or cerebrovascular pathology, in which therapeutic regimens may include a weighted use of AD-approved therapies or a focus on vascular risk factor modification.
Neuroanatomic & neurotransmitter system involvement in FTD
An understanding of particular neuroanatomic pathway and neurotransmitter system involvement is important for defining therapeutic strategies that may target the clinical features of FTD. Much evidence exists to support the contention that not only frontal and temporal lobe systems are defunct in FTD, but also that specific neurotransmitter systems are dysregulated in these conditions (Table 3) . Cholinergic [71] [72] [73] [74] [75] [76] , dopaminergic [77] [78] [79] [80] [81] , GABAergic [72, 82] , glutamatergic [72, 82] , noradrenergic [72, 80, 81] and serotonergic [73, [83] [84] [85] system involvement have all been implicated in the development of the signs and symptoms of FTD. As such, modulation of such key pathways and neurotransmitter systems may play a central role in our understanding of currently available therapeutic options for FTD. Identifying target symptoms, localizing such symptoms to specific neuroanatomic and neurotransmitter pathways, and identifying potential strategies for therapeutic intervention are critical steps in the development of a personalized therapeutic regimen for individuals suffering from FTD.
Existing clinical data regarding therapeutic strategies for FTD
Only a handful of randomized, double-blind, placebo-controlled trials of treatments for FTD exist in the literature today (Table 4) . These studies include small numbers of patients, with limited descriptions of the clinical or pathological phenotypes and genotypes on subjects enrolled. As FTD is a relatively rare entity, inclusion of heterogeneous populations of subjects has been necessary to accomplish even these small-scale forays into clinical trial development in FTD. Unfortunately, the issue of clinical and pathologic heterogeneity introduces such tremendous variability into the samples studied that the likelihood of achieving a significant outcome is practically nonexistent [18, 25, [86] [87] [88] . Selecting the appropriate outcome measures for such a study is also a major confound [18, 25, [86] [87] [88] . Cognitive outcomes in FTD trials are also confounded by preserved performance on standard measures used in the design of clinical trials for AD and the inability to accurately evaluate cognition in subjects with language impairments using standardized testing instruments [18, 87] . As such, the field has focused on behavioral and psychiatric outcome measures, without considering inclusion of related symptomatology in the selection of subjects for such trials [18, 87] . For example, evaluating the effects of a selective serotonin reuptake inhibitor on FTD symptoms requires a high rate of incident appearance of symptoms such as depression, anxiety or compulsivity that may be alleviated by these agents. Advances in the development of therapies for the symptoms of FTD require the following four requirements that currently do not exist:
• Development of widespread clinical networks to recruit homogenous patient populations;
• Development and validation of outcome measures designed specifically for subjects with FTD;
• Rational design of FTD-specific clinical inclusion/exclusion criteria;
• Selection of appropriate outcome measures that accurately reflect plausible changes in symptoms targeted by the proposed intervention [18, 25, [86] [87] [88] .
Other available clinical data have focused on the results of small-scale, open-label studies, retrospective case series or single case reports in the literature (Table 4 ). Although they represent the current state-of-the-art, these studies are plagued by confounds and have failed to adequately define appropriate treatment options for FTD. To date, studies have investigated a wide range of potential therapeutic options including the NMDA receptor antagonist memantine [89, 90] , cholinesterase inhibitors [91] [92] [93] [94] , serotonin reuptake inhibitors and other antidepressants [95] [96] [97] [98] [99] [100] , antipsychotics [101] [102] [103] [104] , psychostimulants [105, 106] , inflammatory mediators [107, 108] and antiepileptics [109] . Despite the limitations of these studies, they clearly suggest that the range of potential therapeutic options in FTD is broad; however, considering which agent(s) to use and in what order, as well as which patients might respond to which therapies cannot be derived confidently from the existing literature.
A clinically plausible approach to the treatment of FTD symptomatology
Major considerations in selecting appropriate treatment for FTD include identification and hierarchical categorization of discrete clinical symptoms on the basis of contributions to functional decline and safety considerations. Therapeutic interventions should include successive empiric trials of symptomatic therapies targeting the individualized hierarchical symptom list from the top down. This strategy relies on: communicating frequently with caregivers and evaluating the target patient often; recognizing that some clinically plausible strategies may fail in one patient and succeed in another and that the failure of an agent does not mean other agents in the same class will fail; and ensuring that the dosage and therapeutic trial length are adequate to understand the effects in the target patient. Current clinical strategies to maximize symptom control in FTD may benefit from the use of an algorithmic approach defined in Figure 3 .
Cognitive symptom management
Frontal and temporal dysfunction in FTD can give rise to cognitive symptoms that can be classified as dysexecutive, attentional or language based, involving either fluency (language production) or semantic knowledge (dysnomia) [2, [6] [7] [8] [9] 11, [14] [15] [16] [22] [23] [24] [25] [26] . Cholinergic [71] [72] [73] [74] [75] [76] and, to a lesser degree, glutamatergic [72, 82] dysfunction have been documented in FTD, suggesting that agents targeting these neurotransmitter systems may prove beneficial in FTD (Table 3) [89, 93] .
Another small trial of bromocriptine demonstrated significant improvement in mean length of utterance scores, suggesting improved language fluency, after treatment compared with placebo in both the initial and crossover arms of the study [112] . Progressive decline was seen in both the treatment and placebo groups, however, suggesting that the beneficial effects of bromocriptine treatment are limited.
Behavioral & psychiatric symptom management
Behavioral symptoms that may be amenable to pharmacological management include obsessive-compulsive tendencies and motor restlessness. Socially inappropriate behaviors, loss of interpersonal skills and personality change are symptoms that appear to defy many current therapeutic strategies. While one study has suggested that cholinesterase inhibitors may reduce the 'behavioral pathology' in the Alzheimer's Disease Rating Scale [94] , another has demonstrated that subjects treated with donepezil exhibited increased compulsivity and disinhibition [93] . Memantine, on the other hand, while not demonstrating efficacy on cognitive outcomes, has shown benefit in reducing Neuropsychiatric Inventory scores (including many behavioral components) in two studies [89, 113] , but failed to show benefit in a third open-label study [90] . Studies in AD have largely demonstrated benefits on behavioral outcomes using these agents, suggesting that they may have some utility in alleviating the behavioral symptoms of FTD especially in cases where an underlying AD pathology is suspect.
Other strategies for targeting obsessive-compulsive tendencies and motor restlessness rely on the use of antidepressant and antipsychotic therapies. Again, available data are less than optimal and provide some conflicting evidence. Trazodone [5, 13, 18, 97] , paroxetine [5, 13, 18, 96, 99 ,100], sertraline [13, 100, [114] [115] [116] , selegiline [10, 94, 98] and moclobemide [18, 95] have all shown beneficial effects in the treatment of behavioral symptoms of FTD, and yet another study of paroxetine showed no benefit in treating the behavioral symptoms of FTD as measured by the Neuropsychiatric Inventory or Cambridge Behavioral Inventory [96] .
Atypical antipsychotics need to be used with caution and require open disclosure regarding the FDA 'black-box' warning for use in the elderly with dementia [117] [118] [119] [120] [121] [122] . Increased risk of stroke or myocardial infarction from 2.6 to 4.5% per year has been noted [118] . The applicability of such a warning to the generally younger patients with atypical dementia characterized by FTD is unclear at present. Until such issues are clarified, discretion in the use of such agents must be exercised [118] [119] [120] [121] [122] . With this caveat in mind, use of antipsychotics in FTD may represent the only choice available to clinicians and family members that need to control behavioral issues that pose an immediate threat to safety. Available evidence in FTD suggests that psychotic symptoms of agitation, delusions and hallucinations may improve with the use of such agents [4, 13, 16, 94, 101, 103, 104, 115, 123] . Aripiprazole increased frontal glucose metabolism in a case report, suggesting that the use of such agents may help to restore frontal dysfunction [103] . In addition to the caution invoked by the black box warning, a small retrospective case series of subjects treated with risperidone, olanzapine and quetiapine showed increased risk of parkinsonism and tardive antecollis, suggesting extreme sensitivity to such agents in some patients with FTD [102] .
Methylphenidate, a psychostimulant, reduced risk-betting behavior on the Cambridge Gamble Task in a randomized, placebo-controlled, double-blind study [106] and partially normalized quantitative EEG patterns in a single case report [105] , suggesting it may prove beneficial in the modulation of behavior in FTD. Topiramate therapy alleviated obsessive alcohol consumption in a single case report, but did not have an effect on other obsessive tendencies [109] . The practical use of such agents across the FTD spectrum remains to be elucidated.
Abulia, apathy, depression, anxiety, irritability, agitation, lability of mood and pseudobulbar affect can all represent major challenges in the management of FTD. These symptoms are presumably attributable to the dysregulation of central serotonergic, dopaminergic and nor-adrenergic pathways that are well documented in FTD (Table 3) . Since antidepressants such as trazodone [5, 13, 18, 97] , paroxetine [5, 13, 18, 96, 99 ,100], sertraline [13, 100, [114] [115] [116] , selegiline [10, 94, 98] and moclobemide [18, 95] have all shown beneficial effects in the alleviation of neuropsychiatric symptoms in FTD, other agents of this class should also prove equally effective.
Potential negative effects of antidepressants seem to be minimal, although one randomized, placebo-controlled, double-blind study demonstrated reductions in cognitive abilities on paired associates learning task, reversal learning and a delayed pattern recognition task [96] . Thus, while antidepressant therapies appear safe in most published studies, the clinician and caregiver must be alert for any deleterious effects even in the safest of classes of drugs used for symptomatic control in FTD.
The use of antipsychotics for the psychiatric symptoms of FTD should take into account the same caveats and considerations mentioned earlier for the treatment of the behavioral symptoms of FTD [118] [119] [120] [121] [122] . As with treatment of refractory depression, bipolar disorder and schizoaffective disorder, the use of antipsychotics can prove to be a mainstay in the treatment of psychiatric symptoms refractory to far safer antidepressant regimens that are typically used as first-line agents in FTD and other psychiatric disorders.
Pseudobulbar symptoms (pathological laughter and crying) are frequently seen in FTD-MND and progressive supranuclear palsy, mediated presumably through pathological brainstem involvement in these FTD variants. Previous data suggest that tricyclic antidepressants and serotonin reuptake inhibitors may be effective in the treatment of pseudobulbar symptoms [124, 125] . Recent evidence suggests that the combination of dextromethorphan and quinidine can alleviate such symptoms [124] [125] [126] [127] [128] . This combination includes dextromethorphan, as the presumed active agent, activating σ-1 opiod receptors in the brainstem, while quinidine enhances CNS penetration by reducing peripheral metabolism via the cytochrome P450 system [124] [125] [126] [127] [128] . Pseudobulbar symptoms were significantly ameliorated in patients with amyotrophic lateral sclerosis (ALS) and multiple sclerosis. This agent has not been tested in FTD variants lacking an ALS/MND diagnosis that may also exhibit pseudobulbar symptoms. 
Motor symptom management

Caveats & considerations in interpretation of therapeutic strategies in FTD
All of the studies reviewed and commented on earlier suffer from a myriad of inadequacies including subject heterogeneity, small sample size, suboptimal outcome measures and a lack of consistency across studies. In addition, much of what we have learned regarding therapeutic options in FTD is based on small case series or even single case reports in the literature. A primary consideration for physicians that treat subjects with FTD is the caveat that the efficacy of any therapeutic option in an individual case of FTD cannot be reliably anticipated on the basis of the results of published studies in FTD to date. Despite the many therapeutic options available today, no proven therapies for FTD have been identified. Specific recommendations for treatment strategies in persons suffering from FTD cannot be made at present, and the earlier discussion is in no way meant to promote any specific therapeutic option. Until such a time when reliable data are available, treating clinicians will have to rely on individualized, symptom-targeted strategies based on empiric trial and error in any given patient.
Future perspective
Rapidly advancing discoveries in the pathobiology and genetics of FTD over the last decade has led to increased recognition of FTD as the major degenerative cause for dementia in persons under the age of 65 years. These discoveries have led to the current recognition that proven therapies for FTD are lacking. Future developments in the area of therapeutics over the next decade will focus on developing widespread clinical networks to recruit homogenous patient populations. Indeed, such multicenter collaborative initiatives are already underway and will propel research in the therapeutics of FTD forward. Further development and validation of outcome measures designed specifically for subjects with FTD is an active area of research focus and again will provide the tools needed to rationally test currently available and future developmental therapeutics.
Unfortunately, as many of the existing therapeutics discussed herein are coming off-patent and being developed as generics, pharmaceutical backing for definitive clinical trials with these compounds will become essentially nonexistent. As Federal and other extramural sources of funding are further limited by the current and anticipated economic situation, Phase II and III trials for the agents discussed herein will largely come to halt. Unless priorities for Federal funding or Pharma interests change significantly, we will not see definitive research or therapeutic approvals for existing medications that we rely on currently for symptom management in FTD. Over the next 5-10 years the clinician will be left practicing empiric rather than evidence-based medicine in FTD using off-label indications to battle this devastating disease.
Fortunately, the future of FTD therapeutics has been engaged in the search for new therapies that may again invigorate extramural funding and Pharma initiatives. It is clear that effective, targeted disease-modifying therapies are needed for FTD. Symptomatic treatment is merely a 'way station' on the way to our search for treatments that will slow or stop this devastating cluster of diseases grouped under the rubric of FTD. 
Conclusion
In summary, targeting the many symptoms seen in FTD requires the recognition of such symptoms that play primary or secondary roles in the spectrum of deficits leading to functional disability in FTD. Agents targeting the cognitive, behavioral, psychiatric and motor symptoms of FTD are readily available, having been previously developed and approved for symptomatic benefit in other disease states. In contrast to the widespread belief that beneficial treatments are not available for FTD, our therapeutic armament is wellstocked with pharmacological tools that may improve quality of life for those suffering from this devastating and incurable class of degenerative diseases.
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• No US FDA-approved therapies for frontotemporal dementia (FTD) exist.
• Available clinical trial data to date are inconclusive regarding off-label recommendations for any treatment option.
• The lack of clinical data or FDA approval does not mean that treatments targeting the symptoms of FTD will not show benefit in some individuals with FTD.
• FTD is clinically, pathogically and genetically heterogenous, and this heterogeneity limits global recommendations for therapeutic treatment in FTD.
• Treatment of FTD should begin by defining relevant signs and symptoms that are impairing quality of life in each person suffering from FTD in order to develop an individualized therapeutic strategy with maximal chances for success.
• Each treatment option must be tested empirically in each patient individually, employing only one therapeutic strategy at a time, monitoring for symptomatic improvement and/or side effects (in essence, a clinical trial with n = 1).
• Hierarchical prioritization of symptoms should be repeated after each successive therapeutic trial to identify the primary target sign or symptom before testing additional medications. Coronal view of frontal and temporal lobes depicting neuroanatomic subdivisions and clinical phenotypes associated with select involvement of these areas. Clinical symptoms that can be associated with frontotemporal dementia phenotypes. Studies of neuroanatomic and neurotransmitter system involvement in frontotemporal dementia.
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Cholinergic system Total mAchR in the temporal cortex was lower in FTD than AD or controls. M1 receptors were specifically reduced and M2 receptors were increased in FTD over controls, AD and dementia with Lewy bodies cases Cognition and language [71] Uhl et al.
Cholinergic system
Decreased cell number in nbM Acetylcholinesterase activity was decreased in the nbM. Serotonin binding was decreased in frontal and temporal cortices Cognition, depression, anxiety and behavior [73] Neurodegener Dis Manag. Author manuscript; available in PMC 2012 February 1.
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Monoaminergic systems MAO-B was decreased in the nbM and increased in the hypothalamus, while MAO-A was increased in the hypothalamus and decreased in the nbM and temporal pole Cognition, depression, anxiety and behavior [81] Yang et al. 
